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(54) Integrated semiconductor transistor with current sensing 



(57) The present invention relates to semiconduclor 
integrated transistors conprising a conduction section 
(CE.ME) and a sense section (SE) for the current flow- 
ing through the conduction section (CE.ME), Ijoth sec- 
tions being located within a region (F^G). 

To ensure that sensing is accurate and takes into 



account that the surface of the power transistor reach in 
operation a non-uniform temperature, the conduction 
section (CE,ME) and sense section (SE) are located in 
such a manner that, in operation, their temperature dis- 
tributions are substantialiy equal. 
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Description 

This invention relates to a method of sensing cur- 
rent in a transistor, according to the preamisle of Claim 
1, and to semiconductor transistors of the integrated 
type, according to the preamble of either Claim 3 or 4, 
which implement the method. 

Sensing a cun^ent which is flowing along the main 
conduction path of a transistor, i.e. the coHector-enntter 
cun-errt for BJT transistors and the source-drain current 
for MOSFET transistors, is a fairly common occurrence, 
especially with power transistors; this can tie useful to 
protect the transistor against overloads, or in certain 
applications, to control the current being delivered to the 
load by the transistor. 

The commonest method for effecting this sensing is 
to connect, in series with the main conduction path of 
the transistor, a resistor having an exactly known very 
low and stable value, and then measure the voltage 
drop across the resistor: the voltage drop introduced by 
the resistor is somewhat disadvantageous for certain 
applications; in addition, the resistor dissipates a certain 
amount of electric power. 

To overcome such drawbacks, another method has 
long been in use for semiconductor transistors of the 
integrated type, which consists of fabricating two tran- 
sistors on the same chip, namely: a conduction one, 
indicated as PT in Figure 1 , and a sense one. indicated 
as PS in Figure 1, which transistors diflfer from each 
other by their conduction areas; if their control voltages, 
VGS in the instance of the MOSFET transistors in Fig- 
isce 1 , are made identical, then the ratio of the cunrertts 
flowing through them will be equal to the ratio of their 
conduction areas. 

As is well known, power transistors of the integrated 
type are often formed by a plurality of identical ele- 
ments, usually known as 'cells'; Figure 2B shows a 
cross-section of an exemplary cell lor MOSFET transis- 
tors, and Figure 3 is a schematic top view of a power 
transistor PW comprising a plinality of such cells 
located wKhin a region RG of the chip, in this example 
an array of 12 columns and 9 rows. 

The cell of Figure 2B is formed within an epitaxial 
layer EPI of the N- type, overlying a sutistrate SUB of 
the P type, which layer constitutes the drain terminal 
DT; the cell is formed by a bulk well BD of the P type 
wherein two source wells SD of the N+ type are pro- 
vided; the wells RD and SD are surface contacted 
together by a metal structure forming the source termi- 
nal ST; located at the surface included between the 
edges of the wells SD and the edge of the well BD are 
two poiysilicon structures which form the control termi- 
nal GT and are isolated from the surface by an insulat- 
ing material. When looked from the top, the cell appears 
as a closed, e.g. circular, area conesponding to the well 
BD and wherein is a girdle, e.g. a circular one, corre- 
sponcfing to the wells SD. 

The cells forming the power transistor PW are 



divided into two sections: the conduction elements CE 
which are connected together in parallel and form the 
conduction transistor PT, i.e. the conduction section of 
the power transistor PW, and the sense elements SE 

5 which are connected together in parallel and form the 
sense transistor PS, i.e. the sense section of the power 
transistor PW. 

As shown in Rgure 3. a set of, 8 in the example, 
elements next to each other are usually selected for the 

10 sense elements SE; in this way, the necessary connec- 
tions become easier to make. In the example of Figure 
3. the ratio of the conduction areas Is 8/100; in practical 
applications, this ratio is generally much lower, e.g. 
8/8000=1/1000. 

15 By this method, definitely t>etter sensing results are 
obtained than those to be obtained with the resistor, and 
with none of its disadvantages; by first approximation no 
sensing errors occur; of course, the area occupied by 
the transistor on the chip is slightly larger. 

20 However, It has been found by second approxima- 
tion analysis that the current sensed by the sense tran- 
sistor PS is not exactly proportbnal to that flowing 
through the conduction transistor PT. This discrepancy 
has been attributed to the fact that, in electric operation, 

25 the region RG occupied by the power ti-ansistor has a 
temperature which varies according to position; for 
example, the niddle zone may be at 70°C and, at the 
same time, the peripheral zones be at 50''C. Further- 
more, each of the conduction and sense elements is 

30 affected by its Instant temperature, so that the curent 
through them will be different for the same control volt- 
age. 

K is the object of this inventton to provide a method 
of sensing a cun-ent of a transistor, which is more accu- 
35 rate than conventional ones, and to provkle transistors 
for its implementation. 

This object is achieved by a method having the fea- 
tures of Claim 1, and transistors having the features of 
Claim 3 or 4; further advantageous aspects of this 
40 Invention are set forth in the subclaims. 

The idea behind this invention Is to have the con- 
duction and sense sections located in such a manner 
that in operation of the transistor, they will have sub- 
stantially Identical temperature distributions, their oper- 
45 ation and behavior will be substantially equal and the 
resulting sensing can be highly accurate. 

The invention can be tietter understood from the fol- 
lowing description, to be read in conjunction with the 
acconpanying drawings, in which: 

50 

Rgure 1 is a circuit diagram of a conventional sys- 
tem for sensing and controlling a current in a MOS- 
FET power transistor; 

55 Rgure 2A is a sectional view through a first conven- 
tional MOSFET power transistor cell; 

Rgin-e 2B is a sectional view through a second con- 
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ventional MOSFET power transistor cell; 

Figure 3 is a scliematic top view of a conventional 
"cellular" power transistor; 

Figure 4 is a schematic top view of a "cellular" 
power transistor according to the invention; and 

Figure 5 is a schematic top view of a "mesh" power 
transistor according to the invention. 

Shown in Figure 1 is a circuit diagram of a conven- 
tional system for sensing and controlling a current in a 
MOSFET power transistor PW. 

The transistor PW comprises a proper conduction 
section corresponding to a conduction transistor PT, 
and a sense section conresponding to a sense transistor 
PS. 

The transistors PT and PS have drain terminals 
connected together and to a supply voltage reference 
VCC, and control terminals jointly cormected to the out- 
put of an operational amplifier OR The source terminal 
of the transistor PT is connected to a load LD referred to 
a ground GND. The source terminal of the transistor PS 
is connected to a controlled current generator IG, also 
referred to the ground GND; the generator IG has a con- 
trol terminal CNT whereby the value of the cun-ent 
therethrough can be determined. The source terminals 
of the transistors PS and PT are connected to the Invert- 
ing and non-inverting inputs, respectively, of the opera- 
tional amplifier OR 

Because of the high gain of the operational ampli- 
fier OP, the potentials at its inverting and non-inverting 
inputs will be sii^stantially thp same in operation of the 
system; accordingly, the transistors PS and PT will have 
substantially equal voltages VGS, and the ratio of the 
values of their respective currents will be equal to the 
ratio of their respective conduction areas, e.g. "k". 

If the generator IG forces a current IR on the tran- 
sistor PS. neglecting the current drawn by the inverting 
input of the amplifier OP which is quite small, a cun-ent 
IL flowing through the load LD will be "k" times IR, 
neglecting the cun-ent drawn by the non-inverting of the 
amplifier OP which is also quite small. 

In operation of the a system as shown in Rgure 1, 
the region RG of the chip occupied by the transistor PW 
will rise in temperature. It has been determined, from 
actual measurements and simulations, that the curve of 
temperature versus position has a shape resembling 
that of a Gaussian function, when a narrow horizontal or 
vertical portion of this region is taken; as the length of 
the portion. I.e. one dimension of the region RG, is 
increased, the curve changes to become substantially 
flat at the middle, while retaining its Gaussian shape at 
the ends. When the region RG is divided into small 
square or rectangular portions having, for ecample, the 
same dimensions as the transistor cells (lateral length 
and diameter in the 10-micron range), and assuming 



the temperature to be uniform inside these portions, the 
statistical distribution of temperature will have a pattern 
which depends on: the electrical and environmental 
operation conditions of the transistor; the shape, size 

5 and layout of the cells within the region RG; as well as 
on similar parameters relating to whatever may be 
around the region RG on the chip. For example, it couki 
be found that 50% of the region RG is at a temperature 
in the range of 65° to 75°C, 30% in the 55° to 65°C 

10 range, and 20% in the 45° to 55°C range. 

The method of this invention for sensing the current 
in a semiconductor transistor of the integrated type 
applies to transistors which comprise a conduction sec- 
tion located within a region of the chip, and a sense sec- 

is tion for the cun-ent flowing through the conduction 
section, and provides for the sense section to be 
focated inside that region, but such that, in operation of 
the transistor, its temperature distribution is substan- 
tially the same as the temperature distribution of the 

20 conduction section. 

Thus, the environmental conditions of the two sec- 
tions will be substantially identical; 4iis being prerequi- 
site for a highly accurate sensing, regardless of the 
mode of operating the sense section. 

2S Of course, for high accuracy sensing, the sense 
section should be innplemented by integrated structures 
similar to those forming the conduction section. 

In this way, not only their environmental conditions 
t)ut also their operation and performance will be the 

30 same. 

There are basically two ways to the fatxlcation of 
power transistors: a "cellular" construction as 
described, for example, in Patent Application EP 252 
236, and a "mesh" construction as described, for exam- 
35 pie, in Patent Applfcations EP 772 242 and EP 782 201 ; 
the method of this invention i^lies to both construc- 
tions. 

Referring to Rgure 4, the semiconductor integrated 
transistor of the "cellular" type, according to this inven- 
40 ton, comprises: 

a) a conduction section fonned by a first plurality of 
conduction elements GE located within a region RG 
and connected in parallel together; and 

45 

b) a sense section for the cun-ent flowing through 
the conduction section which is formed by a second 
plurality of sense elements SE, similar to the con- 
duction elements CE and being located within the 

so region RG and conn^ed in parallel together; 

the position of the elements CE, SE being such 
that, in operation of the transistor, the temperature 
distributfon of the conduction elements CE is sub- 
stantially equal to the temperature distribution of 

55 the sense elements SE. 

The cell used for the transistor of Figure 4 has the 
cross-section shown in Rgure 2A. It is fabricated within 
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an epitaxial layer EPI of the N- type, overlying a sub- 
strate SUB of the P type; the cell is formed t>y a tHJik well 
BD of the P type containing two source wells SD of the 
N+ type; the wells BD and SD are surface contacted to 
each other by a metal structure which forms the source 5 
terminal ST; two polysilicon structures, forming the con- 
trol terminal GT and being isolated from the surface by 
an insulating material, are provided at the surface 
between the edges of the wells SD and the edge of the 
well BD. 10 

A buried layer BL of the N+ type is provided 
between the substrate SUB and the layer EPI, at the cell 
location; the layer BL is surface contacted by means of 
metal structures that form the drain terminal DT, through 
sinker wells of the N-i- type. 75 

Looking from the top. the cell appears as a closed, 
e.g. square, area corresponding to the well BD, on 
whose inside is a, e.g. square, girdle con-esponding to 
the wells SD. 

The layer BL is generally a single layer shared by 20 . 
several cells. In the example of Figure 4, the layer BL is 
shared by all the cells CE. SE of the transistor, and 
underlies them across the whole region RG; in order to 
reduce the resistance of this layer, the well SK and the 
drain metal structure DT are provided in the form of 2s 
three rectangular girdles joining one another and defin- 
ing three subregions D1 , D2, D3. 

The provision of a well SK and structure DT within 
the region RG may affect the temperature distribution 
somewhat. 30 

Referring to Figure 5, the semiconductor integrated 
transistor of the "mesh" type, acconjing to this invention, 
comprises: 

a}aconduceonsectk)nformedbyatleastoneoon- 35 
duction mesh ME focated inside a region RG; and 

b) a sense section for the current flowing through 
the conduction section which is fbrmed by a plural- 
ity of sense elements SE. structurally similar to the 4o 
conduction mesh ME and being located within the 
region RG and connected in parallel together; 
the position of the sense elements SE being such 
that, in operation of the transistor, the temperature 
distribution of the conduction mesh(es) ME is sub- 4S 
stantially equal to the temperature distribution of 
the sense elements SE. 

The mesh ME of the transistor in Figure 5 can be 
split up into three substantially equal parts joined to one so 
another; each part is formed of a rectangular girdle hav- 
ing a given thickness and its internal area crossed by a 
plurality of thinner parallel strips which are joined at the 
girdle. The transistor of Figure 5 could also be thought 
of as having three conduction meshes which are joined 55 
together at three contiguous subregions. respectively. 

The cross-section of a strip may be similar to that of 
a cell. The strip used tor the transistor of Figure 5 has 



the cross-section shown in Figure 2B. This is formed 
within an epitaxial layer EPI of the N- type, over a sut>- 
strate SUB of the P type defining the drain terminal DT; 
the strip is formed of a fc)ulk well BD of the P type con- 
taining two source wells SD of the N+ type; the wells BD 
and SD are surface contacted together by a metal struc- 
ture which forms the source terminal ST; provided at the 
surface between the edges of the well SD and the edge 
of the well BD are two polysilicon structures forming the 
control terminal GT and being isolated from the surface 
by an insulating material. 

The well BD corresponds essentially to the mesh 
ME, and accordingly, has the same shape; the wells SD 
are usually present in the strips only The sense ele- 
ments SE are obtained by so intenupting the strips, and 
hence the well BO. as to form isolated wells from the 
mesh ME; inside these isolated wells, the wells SD are 
laid such that they are out of all contact with the layer 
EPI. 

Of course, the shape and structure of the mesh will 
affect the temperature distribution. 

The following considerations basically apply to 
either types of power transistors. 

Where the region RG has a substantially rectangu- 
lar shape, the sense elements SE can be laid substan- 
tially along at least one of the rectangle diagonals; in 
this way, a sense element can be placed at the hottest 
spot, the center of the rectangle, and at the coldest spot, 
i.e. the edge of the rectangle. 

For the sake of design simplicity, the sense ele- 
ments SE can be laid out in a substantially uniform man- 
ner along the diagonal line; this usually would not meet 
ecacUy the condition for equality 6i the temperature cfis- 

As prevtously mentioned, particularly in relation to 
Figure 4, the region RG may t>e divided into non-contig- 
uous subregions D1, 02, D3. 

In this case, rt matters to have at least one sense 
element located within each subregion. 

Where the subregions are laid contiguously, fliis 
division has a fairly limited effect on temperature distri- 

Should the non-contiguous layout of the subregions 
significantly affect the distribution of temperature, then a 
plurality of sense elements SE are betta- provided in 
each siijregion, and their positions should be such that, 
in operation of the transistor, their temperature distribu- 
fion is substantially the same as the tenperature distri- 
fcHJtion of the corresponding siAregion. 

As the skilled persons in the art will readily recog- 
nize, this invention can also find an application to BJT 
power transistors, even though it has been described in 
connection with MOSFETpow^ transistors; in fact. BJT 
power transistors also admit of "cellular" and "mesh" 
constructions and have a control voltage, the voltage 
VBE. 

Such MOSFET and BJT piower transistors can 
either be sold as discrete components or included within 
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more complex integrated circuits which also accommo- 
date, for ecample, driving circuitry for the power transis- 
tor. 

Claims 

1. A method for sensing current in a semiconductor 
transistor of the integrated type having a conduction 
section (CE.ME) located within a region (RG) and a 
sense sectbn (SE) for the current flowing through 
said conductfon section (CE,ME), characterized In 
that said sense section (SE) is located within said 
region (RQ) in such a manner that in operation of 
the transistor, its temperature distribution Is sub- 
stantially equal to the temperature distribution of 
the conduction section (CE.ME). 

2. A method according to Claim 1 , wherein said sense 
section (SE) is fontied of integrated structures sim- 
ilar to those forming said conduction section 
(CE,ME). 

3. A semiconductor integrated transistor, comprising: 

a) a conduction section formed by a first plural- 
ity of conduction elements (CE) located within 
a region (RQ) and connected in parallel 
together; and 

b) a sense section for the cun-ent flowing 
through said conduction section which is 
formed by a plurality of sense elements (SE), 
similar to the conduction elements (CE), and 
located within said region (RG) and connected 
in parallel together; 

characterized in that the position of said ele- 
ments (CE,SE) is such that, in operation of the 
transistor, the temperature distribution of the 
conduction elements (CE) is substantially 
equal to the temperature distribution of the 
sense elemerrts (SE). 



the sense elements (SE). 

5. A transistor according to either Claim 3 or 4, 
wherein said region (RG) is substantially rectangu- 

s lar in shape and said sense elements (SE) are 
located substantially along at least one of the diag- 
onal lines of the rectangle. 

6. A transistor according to Claim 5, wherein said 
10 sense elements (SE) are located substantially uni- 
formly along the diagonal or cRagonals. 

7. A transistor according to either Claim 3 or 4 or 5, 
wherein said region (RG) is divided into non-contig- 

15 uous si^regions (D1 ,D2.D3). 

J 

8. A transistor according to Claim 7, wherein each 
subregion (D1,D2,D3) contains at least one of said 
sense elements (SE). 

20 

9. A transistor according to Claim 8. wherein each 
subregion (D1,D2,D3) contains a plurality of said 
sense elements (SE), and their position is such 
that, in operation of the transistor, their temperature 

2S distribution is substantially equal to the temperature 
distribution of the corresponding subregion. 

10. An integrated circuit incorporating at least one tran- 
sistor as claimed in Claim 3 or Claim 4. 

30 



3S 



40 ■ 



4. A semiconductor integrated transistor, comprising: 

a) a conduction section formed by at least one 45 
conduction mesh (ME) located within a region 
(RG):and 

b) a sense section for the cun-ent flowing 
through said conduction section which is 
formed by a plurality of sense elements (SE), so 
structurally similar to said conduction mesh 
(ME), and located within said region (RG) and 
connected in parallel together; 

characterized in that the position of said sense 
elements (SE) is such that, in operation of the ss 
transistor, the temperature distribution of the 
conduction mesh or meshes (ME) is sut)Stan- 
tially equal to the tennperature distribution of 
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